The humoral immune response of cats that were naturally infected with the feline leukemia virus (FeLV) was examined after antigenic stimulation with the synthetic antigen poly(L-Tyr, L-Glu)-poly(DL-Ala)-poly(L-Lys). The primary humoral antibody response in FeLV-infected cats was both delayed and greatly reduced, compared with that seen in uninfected control cats. A similar discordance was observed after secondary stimulation with the antigen, in that FeLV-infected cats had both a delayed response and a reduced response, compared with uninfected cats. The levels of total immunoglobulins of the immunoglobulin G and immunoglobulin M classes in the sera of FeLV-infected cats were significantly higher (two-and threefold, respectively) than were those of the uninfected control animals. The presence of an impaired humoral immune response to newly presented antigens in the presence of elevated immunoglobulin levels has been thoroughly documented in the case of people with the acquired immunodeficiency syndrome. This further emphasizes the potential value of FeLV-infected cats as a model for human acquired immunodeficiency syndrome.
Infection with retroviruses has been associated with various parameters of clinical immunosuppression in mice, cats, and chickens (3, 6, 7, 9, 12 ). Yet, very little is known about how these viruses mediate this effect.
Feline leukemia virus (FeLV) is a horizontally transmitted cat retrovirus (16) . It establishes a chronic, persistent infection that may ultimately result in either neoplastic or nonneoplastic diseases in cats. After natural or experimental infection, cats may develop leukemia or lymphoma which is usually of T-cell origin (2, 5, 17) . Additionally, FeLV infection is characterized by a generalized susceptibility to various infectious agents and thus a greatly increased risk for development of disease caused by opportunistic bacterial, viral, or parasitic agents (14) . Under conditions of natural infection with FeLV, the diseases associated with immunosuppression cause more cat deaths than does leukemia or lymphoma (15) .
Most studies directed at understanding the mechanisms involved in immunosuppression by FeLV have concentrated on the cell-mediated immune response (1, 5, 8, 21 ). An early attempt to show that humoral immunity was depressed by FeLV infection was unsuccessful when infection was artificially induced (25) . However, many infectious agents are controlled, at least in part, by the humoral immune system. Therefore, the aim of this study was to examine the humoral immune response of cats infected naturally with FeLV. The antigen used for immunization was the synthetic polypeptide multichain (L-tyrosine, L-glutamic acid)-poly(DL-alanine)-poly(L-lysine), denoted (T,G)-A-L.
MATERIALS AND METHODS
Antigens. (T,G)-A-L, synthesized as described by Sela et al. (26) FeLV-infected cats. Eight outbred adult cats that became persistently viremic with FeLV in their natural environment were used in this study. With the use of indirect fixed-cell immunofluorescence (16) , each cat was confirmed to be viremic for at least 6 months before inoculation with antigen. The cats were judged to be clinically healthy, both before and during the course of the experiment.
Uninfected controls. Six uninfected healthy adult cats obtained from similar environments served as controls.
Immunization. Antigen (1 mg) dissolved in phosphatebuffered saline (PBS) was emulsified with an equal volume of complete Freund adjuvant and administered subcutaneously in equal amounts on both sides of the neck of the cat for primary stimulation. At 8 to 12 months after the first inoculation, seven of the FeLV-infected animals and five control cats were challenged with a second dose of antigen administered in a similar amount and manner as for primary stimulation.
Blood samples. Blood was taken from the jugular vein at day 0, on every second day until day 11 (27) .
Quantitative radial immunodiffusion. Quantitative radial immunodiffusion was carried out on feline sera for the determination of levels of immunoglobulins of the IgG and IgM classes. These were estimated by quantitative radial gel immunodiffusion (22) with anti-feline y and tx chains.
RESULTS
Elicitation of antibodies to (T,G)-A-L in FeLV-infected cats upon antigenic stimulation. The humoral response to (T,G)-A-L in FeLV-infected healthy cats was significantly depressed, compared with that of uninfected controls (Fig. 1) . Two of the eight infected cats did not respond to (T,G)-A-L at all, and a third had a barely detectable response by day 27 to 31. The major antibody response in such cats was both delayed and greatly reduced (Fig. 1) . Whereas in normal cats significant antibody titers could already be detected on day 10, FeLV-infected cats exhibited low levels of antibodies by day 14 to 20 after immunization. By day 28, the geometric mean titer of antibodies had reached a constant level (Fig. 1 (Fig. 2 and 3) (Fig. 3) . The mean levels of IgM in serum of the FeLV-infected cats at these two times were 4.97 ± 0.94 and 4.63 ± 0.8 mg/ml, respectively. The difference between the two groups is highly significant (P < 0.01, according to Student's t-test). Here a threefold higher level of IgM was observed in the infected cats, compared with controls.
DISCUSSION
Our results indicate that the humoral antibody response of cats that are naturally infected with FeLV is both delayed and depressed. The immune impairment thus reflected is expressed in both the primary and secondary antibody responses obtained upon antigenic stimulation with (T,G)-A-L.
After both primary and secondary administration of antigen, the uninfected control animals responded with increased levels of antibodies within 3 days after inoculation. However, in the FeLV-infected cats a lower and a delayed level of antibody production was detected upon primary antigenic stimulation, and a second challenge with antigen evoked an increase of antibody production only after 9 days. It is thus clearly indicated that the humoral antibody response of cats naturally infected with FeLV is diminished when they are exposed to a newly encountered antigen. The suppression of the secondary response was much more dramatic in three of the infected cats. A similar observation (20) .
In the case of human acquired immunodeficiency syndrome patients infected with HTLV-III/LAV, the cellmediated immune response is severely impaired. Infection with FeLV has also been associated with immunosuppression expressed by prolongation of allograft rejection (25) , thymic atrophy (1, 18) , depletion of paracortical lymphoid tissues (18, 19) , depressed peripheral blood lymphocyte counts (12) , and diminished mobility of lymphocyte membrane capping (8 (11) (12) (13) . They also have increased rates of both hematopoietic (11) and nonhematopoietic tumors (28) 
